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ABSTRACT 

The m u l t i - l a m i n a r  r a d i a t i o n  ba r r i e r  i n s u l a t i o n  o f  
t h e  M u l t i p l e  Docking Adapter  i s  l o c a t e d  between t h e  p r e s s u r e  
s h e l l  and t h e  r a d i a t o r  and m e t e r o i d  s h i e l d  o u t e r  s h e l l s .  
T h i s  l o c a t i o n  r e q u i r e s  hundreds  of  p e n e t r a t i o n s  for s t r u c t u r a l  
s u p p o r t s .  

MSFC's r e a s o n s  for a n  i n s i d e  r a t h e r  t h a n  o u t s i d e  
l o c a t i o n  f o r  t h a t  i n s u l a t i o n  a d j a c e n t  t o  t h e  m e t e r o i d  s h i e l d  
a re  p r e s e n t e d .  A d i s c u s s i o n  o f  t h e  i n s u l a t i o n  d e s i g n  i n c l u d i n g  
heat  leaks t h r o u g h  s t r u c t u r a l  p e n e t r a t i o n s ,  d e c o u p l i n g  of  t h e  
i n s u l a t i o n  from s t r u c t u r a l  p e n e t r a t i o n s ,  and i n s u l a t i o n  v e n t i n g  
i s  p r e s e n t e d .  
i n s u l a t i o n  from t h e  s p a c e r  m a n u f a c t u r i n g  p r o c e s s .  T h i s  d u s t  
can  a l s o  b e  caused  by v i b r a t i o n  of  t h e  s p a c e  v e h i c l e  and i t s  
p o s s i b l e  e f f e c t s  on t h e  ATM e x p e r i m e n t s  s h o u l d  b e  e v a l u a t e d .  

F i n e  p o l y u r e t h e n e  foam d u s t  i s  i n t r i n s i c  t o  t h e  
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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

The h i g h  p e r  f orman c e mu 1 t i- 1 a m i n a r  r a d i  a t  i on b a r r i  e r 
i n s u l a t i o n  ( H P I )  o f  t h e  M u l t i p l e  Docking Adap te r  ( M D A )  i s  
l o c a t e d  be tween t h e  p r e s s u r e  s h e l l  and t h e  r a d i a t o r  and m e t e o r o i d  
s h i e l d  o u t e r  s h e l l s .  With t h i s  p o s i t i o n i n g  t h e  HPI  s u r f a c e  must  
be  p e r f o r a t e d  i n  hundreds  of l o c a t i o n s  t o  accommodate t h e  r a d i a t o r  
and m e t e o r o i d  s h i e l d  f i b e r g l a s s  s t r u c t u r a l  s u p p o r t s .  T h i s  con- 
f i g u r a t i o n  h a s  prompted t h e  l o g i c a l  q u e s t i o n ,  "Why n o t  l o c a t e  t h e  
H P I  o u t s i d e  t h e  s t r u c t u r e  and t h u s  e l i m i n a t e  t h e  r e q u i r e m e n t  
t h e  s t r u  c t u r  a 1 s up p or t p e n e  t r a t i on s ? " * f o r  

MDA H P I  DESIGN 

Approximate ly  50% of  t h e  MDA c y l i n d r i c a l  s u r f a c e  and 
t h e  c o n i c a l  fo rward  end a r e  cove red  w i t h  m e t e o r o i d  s h i e l d s  o v e r  
H P I .  The b a l a n c e  o f  t h e  MDA c y l i n d e r  i s  cove red  w i t h  a r a d i a t o r ,  
which  must b e  t h e  o u t s i d e  st.riirt.i.i.ye 

The r e a s o n s  g i v e n  by MSFC f o r  l o c a t i n g  t h e  H P I  u n d e r ,  
r a t h e r  t h a n  o v e r ,  t h e  me teo ro id  s h i e l d s  a r e  as f o l l o w s : * *  

P r o t e c t i o n  o f  t h e  i n s u l a t i o n  a g a i n s t  r e a c t i o n  c o n t r o l  
s y s t e m  r o c k e t  e x h a u s t  plume impingement  d u r i n g  module 
dock ing  and undocking .  
P r o t e c t i o n  of  t h e  i n s u l a t i o n  d u r i n g  g round  h a n d l i n g  o f  
t h e  MDA. 

Heat f l o w  t h r o u g h  t h e  many p e n e t r a t i o n  areas w i l l  b e  
r e l a t i v e l y  s m a l l  compared w i t h  h e a t  f l ow t h r u  t h e  
b a l a n c e  of t h e  H P I .  

* From D. A .  Chisholm.  

* * P r i v a t e  Communication - J .  S.  Vaniman/R-P&VE-PTP, 
November 15 ,  1 9 6 8 .  
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The l a s t  r e a s o n  i s  i m p o r t a n t  and  w i l l  b e  v e r i f i e d  by MDA HPI  
p e n e t r a t i o n  thermal  t e s t s ,  now p l a n n e d  t o  b e g i n  i n  e a r l y  
1 9 6 9 .  Other  A A P  data  show l a r g e  hea t  f l o w s  f o r  H P I  w i t h  
p e n e t r a t i o n s .  F o r  example ,  Grumman LM H P I  d a t a  show a 53% 
e f f e c t i v e  e m i s s i v i t y  i n c r e a s e  f o r  one f i b e r g l a s s  s t a n d o f f  
p e n e t r a t i o n  p e r  s q u a r e  f o o t .  With a low e m i t t a n c e  c o a t i n g  
a p p l i e d  t o  t h e  s t a n d o f f ,  t h e  i n c r e a s e  i n  e f f e c t i v e  e m i s s i v i t y  
i s  r e d u c e d  t o  2 8 % .  Nor th  American Rockwell  r e p o r t s  t h a t  
a p p r o x i m a t e l y  25% o f  t h e  CSM hea t  loss i s  t h r o u g h  s t r u c t u r a l  
p e n e t r a t i o n s  i n  t h e  i n s u l a t i o n .  It  i s  r e c o g n i z e d  t h a t  t h e  
c r i n k l e d ,  s i n g l e  a l u m i n i z e d  b a r r i e r  s u r f a c e ,  s p a c e r l e s s  LM 
and  CSM HPI  da ta  are n o t  d i r e c t l y  a p p l i c a b l e  t o  t h e  MDA 
i n s u l a t i o n ,  b u t  t h i s  and  o t h e r  data  i n d i c a t e  t h a t  t h e  heat  
f low t h r o u g h  p e n e t r a t i o n s  may b e  s i g n i f i c a n t .  

MSFC i s  u s i n g  a d e s i g n  e f f e c t i v e  the rma l  c o n d u c t i v i t y  
( 5 ~ 1 0 - ~  Btu/Hr-Ft-OR) which i s  abou t  f i v e  t imes g rea t e r  t h a n  t h a t  
measured  i n  r e c e n t  t e s t s .  T h i s  c o n s e r v a t i s m  s h o u l d  compensa te  
for heat l o s s e s  t h r o u g h  t h e  s t r u c t u r a l  p e n e t r a t i o n s .  

MDA HPI PENETRATIONS 

The h i g h l y  a n i s o t r o p i c  n a t u r e  of  H P I  y i e l d s  hea t  f l o w  
r a t i o s  o f  a p p r o x i m a t e l y  LO6 c o n s i d e r i n g  f low p a r a l l e l  t o  t h e  
p l a n e  of i n s u l a t i o n  as compared w i t h  p e r p e n d i c u l a r  t o  t h e  p l a n e .  
F o r  minimum heat  loss any s t r u c t u r a l  p e n e t r a t i o n s  s h o u l d  b e  
decoup led  from t h e  i n s u l a t i o n  r a d i a t i o n  ba r r i e r s .  S imply  l e a v i n g  
a gap beetweer1 iiie s i r w c t u r a i  p e r i e c r a c i o n  ana  t n e  HPi eages i s  
n o t  e f f e c t i v e  f o r  t h e  f o l l o w i n g  two r e a s o n s :  r a d i a t i o n  w i l l  
e n t e r  t h e  g a p ,  and r a d i a t i o n  w i l l  be  t r a n s f e r r e d  be tween t h e  
H P I  b a r r i e r  e d g e s  and t h e  s t r u c t u r a l  s u p p o r t  i n  t h e  area of  t h e  
i n s u l a t i o n  p e n e t r a t i o n .  E f f e c t i v e  d e c o u p l i n g  from a s t r u c t u r a l  
p e n e t r a t i o n  i s  u s u a l l y  accompl ished  by the  a d d i t i o n  o f  an  
i s o t r o p i c  i n s u l a t i o n  m a t e r i a l  i n  t h e  volume be tween t h e  s t r u c t u r a l  
p e n e t r a t i o n  and  t h e  edges  of t h e  H P I  ba r r i e r  l aye r s .  The MDA i i P I  
c o n s i s t s  o f  a l t e r n a t e  l a y e r s  ( 2 . 5  f t  x 7.0 f t )  o f  1/4 m i l  t h i c k  
d o u b l e  a l u m i n i z e d ,  m y l a r  f i l m  and s l i g h t l y  l a r g e r  a rea  0 . 0 3  i n .  
t h i c k  p o l y u r e t h a n e  foam s p a c e r  shee t s .  These  a l t e r n a t i n g  l a y e r s  
are f a b r i c a t e d  i n t o  b l a n k e t s  a p p r o x i m a t e l y  one i n c h  t h i c k  w i t h  
f i b e r g l a s s  f a c i n g  s h e e t s ,  and d a c r o n  t h r o u g h  t h r e a d s .  D e c o u p l i n g  
w i l l  be  e f f e c t e d  by p roduc ing  t h e  p e n e t r a t i o n  h o l e s  i n  t h e  m y l a r  
f i l m  l a r g e r  t h a n  t h e  c o r r e s p o n d i n g  h o l e s  i n  t h e  foam s p a c e r  
shee t s .  T o  accompl i sh  e f f e c t i v e  d e c o u p l i n g ,  t h i s  d e s i g n  r e q u l r e s  
t h e  f o l l o w i n g  c o n d i t i o n s :  
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- Maintenance  o f  r e l a t i v e l y  p r e c i s e  a l i g n m e n t  be tween  t h e  
r e s p e c t i v e  h o l e  p a t t e r n s  i n  t h e  r a d i a t i o n  b a r r i e r  shee ts  
and t h e  foam s p a c e r  shee ts .  T h i s  r e l a t i o n s h i p  must  b e  
m a i n t a i n e d  n o t  o n l y  d u r i n g  m a n u f a c t u r e  o f  t h e  i n d i v i d u a l  
b l a n k e t s  b u t  a l s o  a f t e r  bond ing  o f  t h e  b l a n k e t s  to t h e  
e x t e r n a l  s u r f a c e  of  t h e  MDA p r e s s u r e  s h e l l .  

Compression or d e f o r m a t i o n  of t h e  foam s p a c e r  sheets  
must b e  accompl i shed  a t  t h e  e d g e s  o f  t h e  r a d i a t i o n  
b a r r i e r s  a t  e a c h  s t r u c t u r a l  p e n e t r a t i o n .  T h i s  w i l l  
a l l o w  t h e  foam t o  cove r  t h e  b a r r i e r  shee t  e d g e s  i n  
t h e  h o l e  and t h u s  minimize  r a d i a t i o n  exchange  be tween 
t h e  i n s u l a t i o n  b a r r i e r  shee ts  and t h e  s t r u c t u r a l  
s u p p o r t s .  The foam s p a c e r s  s h o u l d  a l s o  e x t e n d  t o  t h e  
s t r u c t u r a l  s u p p o r t s  t o  c l o s e  t h e  p e n e t r a t i o n  o p e n i n g  
t o  d i r e c t  r a d i a t i o n .  

Adhes ive  b o n d i n g  of  t h e  b l a n k e t s  t o  t h e  MDA p r e s s u r e  
s h e l l  must a l s o  be  accompl ished  s o  t h a t  t h e  m u l t i p l e  
p e n e t r a t i o n  h o l e  p a t t e r n  i n  a b l a n k e t  c o i n c i d e s  r a t h e r  
c l o s e l y  t o  t h e  s t r u c t u r a l  s u p p o r t  l o c a t i o n  p a t t e r n .  
Super imposed  upon t h i s  d i m e n s i o n a l  r e q u i r e m e n t  i s  
p o s i t i o n i n g  t h e  b l a n k e t s  s o  t h a t  t h e  s l i g h t l y  o v e r s i z e  
foam s p a c e r  s h e e t s  w i l l  b e  i n  compress ion  a t  each  
b l a n k e t  edge  b u t t  j o i n t  t o  c l o s e  any r a d i a t i o n  windows. 

T h e s e  t h i c k e n e d  areas which p r o j e c t  
The MDA p r e s s u r e  s h e l l  e x t e r n a l  l a t e r a l  s u r f a c e  has e i g h t  e q u a l l y -  
s p a c e d  l o n g i t u d i n a l  l a n d s .  
a p p r o x i m a t e l y  0 . 1 7  i n .  above t h e  b a s i c  s h e l l  C . D .  a re  f o r  
m e t e o r o i d  s h i e l d  and r a d i a t o r  a t t a c h m e n t  b r a c k e t s .  T h i s  non- 
u n i f o r m  s u r f a c e  i n  t h e  v i c i n i t y  of  t h e  s t r u c t u r a l  p e n e t r a t i o n  
f u r t h e r  c o m p l i c a t e s  t h e  f i t ,  a l i g n m e n t ,  and a t t a c h m e n t  p r o c e s s e s  
o f  t h e  b l a n k e t s .  M a i n t a i n i n g  t h e  r e q u i s i t e  p o i s t i o n i n g  a c c u r a c y  
d u r i n g  t h e  a d h e s i v e  bond ing  p r o c e s s ,  c o n s i d e r i n g  t h e  l a r g e  s o f t  
n a t u r e  of t he  b l a n k e t s ,  and t h e  non-uniform e x t e r n a l  s u r f a c e  
w i l l  b e  a d i f f i c u l t  t o o l i n g  and i n s t a l l a t i o n  problem w i t h  many 
p r o c e s s  v a r i a b l e s .  
e f f e c t i v e n e s s  w i l l  t h u s  b e  a va r i ab le  a f f e c t e d  by many f a c t o r s .  

H P I  METEOROID PENETRATION C O N S I D E R A T I O N S  

S t r u c t u r a l  s u p p o r t  t h e r m a l  d e c o u p l i n g  

The a d d i t i o n a l  foam s p a c e r  mass o f  t h e  MDA i n s u l a t i o n  
a l l o w s  more e f f i c i e n t  f u n c t i o n i n g  as a m e t e o r o i d  s h i e l d  t h a n  a 
c o n f i g u r a t i o n  w i t h  an e q u a l  number o f  r a d i a t i o n  b a r r i e r s  b u t  no  
s p a c e r s .  P lacement  u n d e r ,  r a t h e r  t h a n  o v e r ,  t h e  m e t e o r o i d  s h i e l d  
p r o t e c t s  t h e  H P I  f rom p e n e t r a t i o n  by m i c r o m e t e o r o i d s  which w i l l  
i m p a c t  b u t  n o t  p e n e t r a t e  t h e  me teo ro id  s h i e l d .  
o f  v iew o f  p e n e t r a t i o n s  i n  t h e  H P I  caused  by m i c r o m e t e o r o i d s  and 
m e t e o r o i d s ,  t h e  u n d e r  l o c a t i o n  i s  p r e f e r a b l e .  

From t h e  p o i n t  
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H P I  VENTING CONSIDERATIONS 

For HPI t o  b e  e f f e c t i v e ,  r a p i d  e v a c u a t i o n  o f  t h e  
c o n t a i n e d  a t m o s p h e r i c  g a s  down t o  a p r e s s u r e  lo-'+ t o r r  must 
be a c c o m p l i s h e d .  E f f i c i e n t  r a p i d  gas e v a c u a t i o n  g r e a t l y  r e d u c e s  
t h e  g a s  c o n d u c t i o n  hea t  t r a n s f e r  mode and a l s o  r e d u c e s  p r e s s u r e  
d i f f e r e n t i a l s  a c r o s s  t h e  i n s u l a t i o n  d u r i n g  t h e  a s c e n t  t r a j e c t o r y  
p h a s e .  V e n t i n g  o f  t h e  MDA i n s u l a t i o n  i s  accompl i shed  p r i m a r i l y  
t h r o u g h  t h e  b l a n k e t  edge  g a p s .  Very s m a l l  h o l e s  on 4- inch 
c e n t e r s  f o r  t h e  t e n s i o n  t i e  threads  be tween i n s u l a t i o n  f a c i n g  
shee ts  p r o v i d e  a d d i t i o n a l  open area.  The i n s u l a t i o n  p e n e t r a t i o n s  
a l s o  c o n t r i b u t e  t o  l o c a l  v e n t i n g ,  b u t  i f  t h e i r  c e n t e r l i n e  s p a c i n g  
i s  grea t  compared w i t h  t h e  r a d i a t i o n  b a r r i e r  s p a c i n g ,  t h e i r  o v e r -  
a l l  e f f e c t  may be n e g l i g i b l e .  Us ing  o n l y  edge  v e n t i n g  f o r  HPI 
i n s u l a t i o n  i s  n o t  a normal  d e s i g n  p r a c t i c e  and p e r f o r a t i o n s  are  
u s u a l l y  employed i n  t h e  r a d i a t i o n  ba r r i e r s .  The p r e s e n c e  of t h e  
foam s p a c e r  shee ts  w i l l  t e n d  t o  i m p e d e  g a s  e v a c u a t i o n .  The 
p l a n n e d  compress ion  o f  t h e  foam s p a c e r s  a t  t h e  b l a n k e t  e d g e s  
w i l l  f u r t h e r  a g g r a v a t e  t h e  v e n t i n g  problem.  

MSFC has s u c c e s s f u l l y  conduc ted  t e s t s  which s i m u l a t e  
a S a t u r n  a s c e n t  t r a j e c t o r y  p r e s s u r e  d i f f e r e n t i a l s  and t h e  w o r s t  
c a s e  of comple t e  s e a l i n g  o f  t h e  edges  w i t h  v e n t i n g  o n l y  t h r o u g h  
t h e  ny lon  th read  t e n s i o n  t i e  h o l e s .  The c r i t i c a l  f a c t o r  i n  t h e  
v a l i d i t y  o f  any s u c h  proof t e s t  i s  t h e  t i m e  v a r i a t i o n  p r o f i l e  
o f  t h e  i n t e r n a l  p r e s s u r e .  T h i s  p r o f i l e  must a c c u r a t e l y  s i m u l a t e  
t h e  p r e s s u r e  d i f f e r e n t i a l  a c r o s s  t h e  i n s u l a t i o n  as a f u n c t i o n  o f  
a s c e n t  t r a j e c t o r y  t i m e .  

Away from t h e  b l a n k e t  edges  t h e  o n l y  s t r u c t u r a l  
c o n n e c t i o n s  m a i n t a i n i n g  t h e  i n s u l a t i o n  t h i c k n e s s  are s i n g l e  
l o o p s  o f  220  d e n i e r  t h r e a d .  These l o o p s  a r e  on 4-inch c e n t e r s  
t h r o u g h  n e e d l e  s i z e d  h o l e s  i n  t h e  r a d i a t i o n  ba r r i e r s  and k n o t e d  
t o  t h e  f i b e r g l a s s  f a c i n g  s h e e t s .  A more r e l i a b l e  sys t em would 
r e s u l t  i f  t h e  l o a d i n g  c o n d i t i o n  were e l i m i n a t e d  r a the r  t h a n  
r e q u i r i n g  t h e  H P I  t o  w i t h s t a n d  p o s s i b l e  p r e s s u r e  d i f f e r e n t i a l s .  
I n t r o d u c i n g  a d d i t i o n a l  b r o a d s i d e  v e n t i n g  t o  any HPI  w i l l  r e q u i r e  
a d e s i g n  compromise be tween v e n t i n g  speed  and an i n c r e a s e d  
e f f e c t i v e  t h e r m a l  c o n d u c t i c i t y .  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  of  t h e  H P I  u s e d  on 
t h e  LM, ATM, CM-SM, AM, and MDA modules ,  o n l y  t h e  MDA i n s u l a t i o n  
u t i l i z e s  separate  s p a c e r s  be tween t h e  r a d i a t i o n  b a r r i e r s .  I n  t h e  
o t h e r  modules ,  t h e  H P I  r a d i a t i o n  ba r r i e r s  a r e  e i t h e r  c r i n k l e d  or 
embossed a l l o w i n g  t h e  r a d i a t i o n  b a r r i e r s  t o  a l s o  f u n c t i o n  as 
s p a c e r s .  The MDA H P I  i s  a s u p e r i o r  c o n f i g u r a t i o n  r e l a t i v e  t o  
r e s i s t i n g  d e f o r m a t i o n  from a p p l i e d  l o a d s  which c a u s e  an  a t t e n d a n t  
c o n d u c t i v i t y  i n c r e a s e .  T h i s  i n s u l a t i o n  also f u n c t i o n s  as a 
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b e t t e r  m e t e o r o i d  s h i e l d  t h a n  a s i m i l a r  H P I  c o n f i g u r a t i o n  
w i t h o u t  s p a c e r s .  The p e n a l t y  i s ,  of c o u r s e ,  t h e  a d d i t i o n a l  
foam weight r e q u i r e d .  With 27 s p a c e r s  0 . 0 3  i n .  t h i c k  
f a b r i c a t e d  f rom foam w i t h  a d e n s i t y  o f  1 . 7  l b / f t 3 ,  t h i s  
w e i g h t  p e n a l t y  i s  a p p r o x i m a t e l y  60 l b s .  

P h y s i c a l  e x a m i n a t i o n  o f  t h e  MDA H P I  shows t h e  
p r e s e n c e  o f  f i n e  p o l y u r e t h e n e  d u s t .  
c a u s e d  by t h e  m a n u f a c t u r i n g  o p e r a t i o n  t h a t  p roduces  t h e  foam 
s p a c e r  t h i c k n e s s .  Any s e v e r e  v i b r a t i o n  envi ronment  w i l l  most 
p r o b a b l y  p roduce  a d d i t i o n a l  d u s t  by c a u s i n g  f l e x i n g  o f  t h e  
HPI  b l a n k e t s .  
o t h e r  e x t e r n a l  e x p e r i m e n t s  s h o u l d  b e  e v a l u a t e d  s i n c e  t h e  d u s t  
i s  f r e e  t o  v e n t  t o  t h e  l o c a l  a tmosphe re .  

T h i s  d u s t  i s  e v i d e n t l y  

The e f f e c t s  of t h i s  f i n e  d u s t  on t h e  ATM and 

1022-JWP-mef 
T i i a t " 0 -  

J .  W .  Powers 
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